INTRODUCTION
Zinc oxide (ZnO) is a semiconducting material with more important and interesting properties than most other materials. It is a II-VI compound semiconductor whose ionicity resides at the borderline between the covalent and ionic semiconductors. The significant properties of ZnO are: a direct band gap (3,4 eV) at room temperature, high exciton binding energy (60 meV) [1] , which is much greater than ZnSe (20 meV) and GaN (25 meV), high optical transparency in the visible region and low electrical resistivity. The higher exciton binding energy enhances the luminescence efficiency. Non-toxicity and abundance of ZnO on earth makes it an ideal candidate used as a transparent electrical contact for solar cells in thin layers.
Owing to these properties, ZnO becomes a very promising material for many practical applications such as a transparent conductive contact [2] , thin films gas sensors [3, 4] , varistors [5] , surface acoustic wave devices [6] , U.V laser [7] , luminescent materials [8] , an n-type conducting window in thin film solar cells based on cadmium telluride [9] or indium diselenide [10] and others.
Several technics have been used for fabrications of ZnO thin films such as physical vapor deposition (PVD) [11] , magnetron sputtering [12] , spray pyrolysis [13] , Chemical vapor deposition (CVD) [14] electrochemical deposition and sol-gel processing [15] . Among these technics, sol-gel attracted more interests because of its great advantages: simplicity, low cost, large area substrate coating and easy to realize doping incorporation.
The Applications of ZnO can be improved by suitable dopant as physical and optical properties depend upon the dopant and synthesis conditions. Note that several dopants have been tested by different technics growth process for ZnO. In most cases, the purpose of the doping is to modulate the optical and or electrical properties of ZnO thin films. Dopants such as Al, Ga, In, B, Ag, and Cl were all expected to enhance the native n type conductivity of ZnO [16] [17] [18] [19] [20] [21] [22] . Dopants like Cd, Mg have been shown to modify the optical properties of ZnO by changing its band gap [23] . All single doped ZnO thin films could not improve simultaneously the physical and optical properties. Co-doping is an alternative and effective method to increase these properties simultaneously of ZnO thin films [24] [25] [26] . Traditionally co-doping in ZnO thin films has been prepared by using the combination of the groups III elements with groups VI elements. However, the combination of Al-Mg has not been widely explored. Many papers report on the physical properties of co-doped ZnO, most of them fixed one dopant by varying the second dopant. But our studies concern to fix the dopant ratio (Mg, Al) /Zn= 5%.
In this paper, we deposited Al-Mg-ZnO thin films on glass substrate via sol-gel mediated spin coating methods. The main goal of this study was to investigate the effect of Al-Mg co-doping on structural, surface morphology and optical properties of AMZO thin films. 2 .4H 2 O] were used respectively as solvent, stabilizer and dopants. The concentration of the solutions was maintained at 0.75 mol/l and the concentration of doping was considered constant noting that (Mg, Al)/Zn=5% and the contents of Al and Mg were varied. With this approach, six samples were prepared at different ratio.
EXPERIMENTAL SECTION
The Al doped ZnO and Mg-Al co-doped ZnO films were deposited on the glass using the spin coating technique. First, the glass substrates were ultrasonically cleaned in acetone and rinsed in deionized water. Next, the obtained sols were poured onto a glass substrate and spin coated. Finally, the films were air dried at 150°C and annealed at 500°C for one hour. The prepared thin films were examined by X-ray diffraction (XRD, D/Max-2400) to analyze their crystal structure. A scanning electron microscope (SEM, JSM-6701F) was used to explore surface morphology. The transmittance spectra of the UV-visible light passing through the films were measured by a UV-visible spectrophotometer (Lambda35 UV/VIS) in order to study the optical properties of studied samples.
RESULTS AND DISCUSSIONS

Al Doped ZnO=AZO
Structural and morphological characterizations: Figure 1 shows the X-ray diffraction patterns of ZnO films doped with different concentrations of aluminum. XRD results revealed that all samples of ZnO doped Al, crystalized with wurtzite structure and exhibit tree peaks characteristic of ZnO corresponding to (100), (002), and (101) places at 2θ=31,85°, 34,59° and 36,42° respectively and minor peaks at 2θ=47,62°, 56,75°, 63,13° and 68,08° corresponding respectively to (102), (110), (103) and (112) plans. For the undoped ZnO film, the strong intensity of (002) plan compared to (101) or (100) orientation plane suggests that the ZnO have a preferential (002) orientation with the c-axis perpendicular to the substrate surface. Furthermore, for the Al doped ZnO thin film, the (101) peak was increased indicating on more favorable of the (101) film orientation. Similar results are observed in the literature [26] but El Hichou et al. [27] and Trolio et al. [28] reported that the films had a preferred orientation with c-axis perpendicular to the substrate. In addition, for AZO, lattice parameters a and c of different samples were not sensitive to the Al-doping ( Table 1) . No secondary phases related to impurity phases were detected in the AZO films which support that Zn ions were substituted by Al sites entire the lattice of ZnO crystal. The grain size of different samples was determined from XRD diffraction spectra, using the Scherrer relationship [29] ( Table  1 ). Figure 2 shows the evolution of the grain size with different Al concentration. The grain size decreases with increasing the Al content and it ranges from 33.5 nm and 15 nm for the (002) plan. This decrease in the crystallite size of AZO films is attributed to the smaller ionic radii of Al than Zn. 
proximately 35 nm in size. As the Al doping increased, the surface of AZO thin films exhibited smoother surfaces and smaller grain sizes. Al-doping concentration up 7% shows a deterioration of the crystallinity of the films which may be due to the stress induced by the difference in ionic size between Zn and Al dopant.
Optical properties: The optical transmittance is an important optical parameter for transparent conducting oxides. Optical transmittance spectra of undoped and Al-doping ZnO films showed that all films are transparent in the visible regions (Figure 4) . Up 3% of Al concentration, the films become whitish in appearance resulting in the decrease of the transmittance of the layers. The energy band gap (E g ) could be calculated by assuming a direct transition between the valence band (E v ) and the conduction band (E c ) by using the following equation:
Where A is a constant, hν is the photon energy and E g is the band gap for the direct band gap semiconductor. The optical band gap was obtained by extrapolating the linear part of curves (α.hν) 2 as a function of incident photon energy hν to intercept the energy axis. The dependence of E g on Al-doping is reported in Figure 5 . The effect of Al-doping is to increase E g values up to 3.19 eV and 3.22 eV for 1% and 7% doped films respectively. With the increasing Al doping level, the optical band gap of films is growing, which causes the absorption edge shift to short wavelength region. The band gap of AZO thin films was greater than that of undoped film. The increase in the band gap of Al-doped ZnO films has been reported earlier also [30] [31] [32] and this has been attributed to the Burstein-Moss effect. The Al atoms donor provide additional carriers which cause the Fermi level to move into the conduction band, so the band gap becomes larger. (002) lattice direction exhibited the strongest intensity indicating the preferential growth of hexagonal wurtzite crystal structures along crystallographic c-axis [33, 34] . The incorporation Mg in the compound causes reorientation as shown by the relative increase of the (002) peak intensity. The crystallinity structures of the films are shown depending on the increasing of Al/Mg ratio. With increasing Mg concentration, the intensity of the (002) peak increases and FWHM values of this peak increases. The broadening of the XRD indicated an excellent crystallinity of AMZO.
We have studied the influence of Al/Mg ratio on the film texture of plane (002), by calculating the texture coefficient T c according the following formula [35] :
The calculated texture coefficient T C are presented in Figure 7 . AMZO films have larger T C values for (002) plane suggesting that all the films co-doped with (Al-Mg) have c-axis preferred orientation. Moreover, the high T C value and the higher grain size (30,17 nm), was obtained for the film A2MZO (with 2/1 ratio), indicating a good crystallization along the growth c-axis. This confirms the XRD results. 
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The overall structures of AMZO thin films are affected by the strain due to Mg/Al substitution in the ZnO lattice. The stress state in the layer can be determined from the XRD analysis. According to the biaxial stress model, the stress ε along the c-axis perpendicular to the plane of the substrate is calculated from the parameter c [36] :
where C is the lattice constant of the layer and C 0 is the lattice constant of the layer without stress (C 0 =0.5206 nm [24] ). The sign of this parameter indicates that the layer has undergone a compressive stress (negative) or in an extensive stress (positive) depending the orientation of the layer growth (c-axis). The values of ε along the (002) plane for all films AMZO are listed in Table  2 . All the strain values are found to be positive (extensive or tensile in nature). For pure ZnO, the stresses have origin of deposition technique and temperature of the substrate. For AZO, the value of ε is very weak. This phenomenon is explained by occupation of the substitutional sites by the Al ions knowing that r Zn2+ >r Al3+ . For AMZO films, the stress increased because of occupation of the substitutional sites by the Mg ions knowing that r Zn2+ <r Mg2+ . The small residual stress of AMZO thin films was found to be 0.568 GPa when the Al/Mg ratio was 2/1. The morphologies of AMZO thin films are shown in Figure 8 . These SEM images clearly show that there is a change in the surface morphology of ZnO films due to the (Al-Mg) co-doping. Note that the grain size decreases with increasing Mg concentration up to 2/1 and saturates at higher concentrations ( Table 3 Optical properties: Figure 9 shows the transmittance spectra of ZnO, AZO, MZO and AMZO thin films. The spectra show that all the films have sharp ultraviolet absorption edges in the UV region. The introduction of Al causes a sharp decrease of transmission as can be seen by comparing the results of ZnO and AZO samples first. When the Mg atoms have been introduced, AMZO thin films show higher transparency than the other films and increases to its maximum for 2/1 and 3/1 ratios. For Mg contents even greater, optical transmission decreased while remaining superior to that of the AZO sample. In the visible region (400-800 nm) the samples having 2/1 and 3/1 ratios show the best transmission reaching 85%. As a result, the excellent transparency of those samples allows for a clear minimization of the visible light losses, and then an improvement of solar energy harvesting. These results are in agreement with those of XDR and SEM. The bandgap (E g ) as a function of (Al-Mg) co-doping content is shown in Figure 10 . The bandgap of AMZO thin films was superior than that of pure ZnO thin films. Furthermore, the bandgap of AMZO thin films increases with increasing Mg/Al ration. The increasing of the bandgap for AMZO thin films has been attributed to the Fermi level moving into the conduction band caused by the increase of carrier concentration in AMZO thin films because of the substitution of the Al and Mg ions into Zn ion sites. When electrons located at the valence band require an additional energy to be excited to higher energy states in the conduction band, the optical band gap is increased. Similar results have also been reported [37, 38] . Another explication had cited by Rouchdi et al. [39] . They have related this increasing of band gap in to the defects created after Mg 2+ substitution for Zn 2+ and then enters the ZnO lattice due to variation in their ionic radius. This finding is in agreement with those of XDR and SEM. 
CONCLUSION
Transparent films of aluminum-doped and (Mg-Al) co-doped zinc oxide have been deposited by sol gel technique at optimum conditions in glass substrate. The influence of Al doping and (Mg-Al) co-doped on the physical properties was found to be significant. The structural and morphological studies revealed that all films are polycrystalline and (Mg, Al) exhibit a preferential orientation along the [002] direction with preferred c-axis orientation. The adding of Mg in all the samples changed the nucleation and growth mechanism of AMZO. Furthermore, addition of Mg improves the transmittance, further increase the optical gap. The optical band gap energy revealed the variation from 3.17 to 3.25 eV with increased Al/Mg ration which is attributed to the Burstein-Moss effect. The films synthetized at 2/1 (Mg, Al) co-doped ZnO showed a high transmittance of 85% at λ=500 nm with an optical band gap at 3.2 eV.
